Introduction
6 electric fields are delivered on the brain, while medium to high intensity currents are maintained in 1 at least some scalp electrodes, thus eliciting scalp sensations necessary for blinding. Notably, this 2 allows to maintain the stimulation ON for the entire duration of sham tDCS, therefore inducing 3 scalp sensations similar to real tDCS, while avoiding known limitations of the FISSFO protocol. We 4 hypothesize that such montage (Active Sham, ActiSham hereafter) (i) will generate scalp 5 sensations similar to a Multifocal (real) tDCS montage based on the same electrodes' location and 6 identical stimulation intensity/duration; and that (ii) ActiSham will not induce changes in cortico- (Neuroelectrics, Barcelona, Spain) with an Ag/AgCl core and a gel/skin contact area of 3.14 cm 2 .
4
Electrodes were filled with a conductive gel before the tDCS intervention. To further improve 5 current conductivity, the scalp was gently rubbed with an alcohol solution at the beginning of each 6 session. Electrodes were inserted in a neoprene cap with available positions following the 10/20 7 EEG system. 
19
Multichannel tDCS 20 Electrodes' position for real multichannel tDCS were tailored to provide the optimal 21 distribution of current sources to match the desired electric field pattern on the left motor cortex representation. An optimization algorithm was then used to find the optimal multichannel montage tDCS electric fields (including components normal to the cortical surface) using an MRI derived six-1 layer finite element realistic head model [16] . Under the assumption that the effects of current 2 stimulation are of first order due to the interaction of electric fields with populations of pyramidal 3 cortical neurons, the optimization problem for tDCS is defined in terms of the component of the 
where each node ݅ of the surface mesh of the cortical surface has coordinates ‫ݎ‬ , and ܰ is the total 10 number of mesh nodes. Weights ‫ݎ(ݓ(‬ )) are defined for each of the target regions and they vary 11 between one (minimum weight) and ten (maximum weight). The vector ‫ݔ‬ represents the currents in 12 each electrode.
13
To constrain electrodes number in the final montage and determine their location, a genetic 14 algorithm that searches in montage configuration space is employed. Specifically, optimization is 15 carried out using a genetic algorithm with solution populations consisting of individuals that encode 16 for a particular montage and the optimal currents associated with it. Details, including the rules for 17 genetic cross-over and mutation are described in [17] . Optimization constraints were set on the 18 maximum current per electrode (2.0 mA) and total injected current (4.0 mA). Having tried 19 montages from two to eight electrodes, we opted for the four-channel montage as it provided a 20 very good fit (see Table 1 ) to the normal electric field (0.25 V/m) target map while keeping the 21 electrodes close together, which is advantageous for the sham optimizations (closer electrodes 22 increase current shunting), as described below.
23
All optimizations were performed in Matlab (R2018a) using custom scripts. Least-squares algorithms.html). The genetic algorithm optimization was implemented using the ga function in 1 Matlab (constrained GA optimization) with custom functions for mutation and cross-over.
2
To evaluate montage performance, we calculated the ERNI of the montage, the WCC 3 (weighted cross-correlation between the target E n field and the field induced by the montage) and 4 the surface average of E n in cortical regions of interest.
5
A comparison between this multi-channel solution and the traditional montage with two 6 large "sponge" electrodes (over C3 and FP2, I=±2.0 mA) is shown in Figure 2 . The multi-channel 7 solution is clearly more focal than the conventional one, minimizing the E-field in non-motor areas 8 over the left hemisphere and orbitofrontal areas in the right hemisphere (see Table 2 for a 9 summary of the currents used). close to the maximum current in the active montage (1.7 mA). We then cycled through all possible 20 positions for the "itchy" electrode, returning the solution that induced a lower average E n -field in the 21 target region. The minimization algorithm for the ActiSham montage can be described as follows: 3. Return solution that has lower average E n -field over the target region.
7
Mathematically the first optimization (step 2b) can be described as:
Where is a vector with the currents in each electrode, s is the position corresponding to the fixed 9 current electrode and ‫ܫ‬ ௧௬ is the current value imposed in this electrode (1.7 mA in this case).
10
The second optimization (step 3) returns the best position for the itching-inducing electrode, ‫ݏ‬ * :
Where ܵ is the set of all the positions available for the itching electrode and the operator 〈 Similarly, a trend for higher pain perception was found for Bifocal-tDCS (mean score: 16.4, SD: 9 19.4) compared to Bifocal-Sham (mean score: 4.0, SD: 7.9; t= 2.032, p= .063).
stimulation (i.e. Post0) (t (1, 13) =4.37, p=.003), as well as 10' after stimulation (t (1, 13) =3.92, p=.006),
1
whereas Multifocal tDCS elicited a significant increase in MEPs size 10' after stimulation (t (1, 13) =-2 3.32, p=.013) ( Figure S1 ).
real Bifocal tDCS. This difference, even though only observed at a qualitative level, may represent a crucial aspect to improve blinding of future tDCS trials, possibly helping to mask the nature of 19 stimulation for both participants and operators.
20
A few limitations of the present study must be mentioned. First of all, the different electrode adopt an ActiSham solution optimized to be delivered via the same electrode array used for real segmentation and modeling pipeline to take into account anatomical detail in the eye region [35] .
3
This will allow the montage optimization pipeline to correctly account for the E-field at the retina 4 and output montages that achieve small retinal electric fields. Once the Active montage is defined, 5 the average electric field on the retina, which will be small but non-zero, will be computed. The decrease the E-field in the target M1 area. The magnitude of the E-field (in V/m) is, therefore, much higher in 20 the active montage, despite similar injected currents in the two montages (see Table 2 ). Table 1 . E-field on target areas. Average values of normal electric field (E n ) on the target area (M1) as well 6 as in pre-motor areas (pre-motor ventral or PMv, dorsal, PMd and supplementary motor area, SMA) as well 7 as optimization statistics ERNI (error relative to no intervention) and WCC (weighted correlation coefficient).
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The ratio of average M1 electric fields in the tDCS and ActiSham condition is more than two orders of 9 magnitude. 10 11 12 Multifocal-ActiSham 1700 615 300 -1429 -781 -405
Highlights · Canonical On/Off solutions for Sham tDCS do not allow proper blinding · We tested an "Active-Sham" multi-electrode stimulation based on controlled current shunting · Comparable scalp sensations were reported for Active-Sham and real Multifocal-tDCS · A significant difference was observed between Bifocal Sham and Active-Sham conditions · Active-Sham could improve blinding for both research and clinical trials
